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Effects of Antifungal Agents on Ergosterol Biosynthesis in Candida 
albicans and Trichophyton mentagrophytes: Differential Inhibitory 
Sites of N aphthiomate and Miconazole 
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Depar/Jnent of Biochemistry, Gifu. University School of Medicine, Gifu, Japan 
The effects of naphthiomate and miconazole showing 
ergosterol biosynthesis inhibition on Candida albicans 
and Trichophyton mentagrophytes were investigated 
by measuring [' ''C]acetate incorporation into sterols and 
its precursors. Naphthiomate, like allylamine com-
pounds, was found to interfere with fungal ergosterol 
biosynthesis by preventing the conversion of squalene 
into squalene epoxide which is mediated by squalene 
epoxidase. This metabolic inhibition resulted in a con-
siderable decrease of ergosterol with a corresponding 
increase of squalene, which is more distinct in T. men-
tagrophytes than in C. albicans. This indicates that 
naphthiomate blocks the utilization of squalene by in-
hibition of squalene epoxidation; unlike N-substituted 
imidazole, miconazole has been known to inhibit ergos-
terol formation by inhibiting C11-demethylation. In ad-
dition, it is of interest to note that miconazole causes a 
great accumulation of lanosterol in C. albicans cells, 
while in T. mentagrophytes cells there was instead a 
drastic increase of 24-methylenedihydrolanosterol but 
not lanosterol. The results obtained from this study in-
dicate that repression of ergosterol synthesis by 
naphthiomate and miconazole is due to inhibition of 
squalene epoxidation for the former and c,.-demethyl-
ation for the latter. 
The clinical importance of mycosis has greatly stimulated 
interest in s tudies of t he mechanisms of action of antimycotic 
agents. Among t hese agents a series of imidazole derivatives 
are now widely used for candidosis and for trichophytosis. 
Several modes of action have been proposed for the N -substi-
tuted imidazole agents, e.g., membra ne damage [1], uncoupling 
of ox idative phosp horylation [2], inhibition of mitochondrial 
ATPase [3], and inhibition of ergosterol biosynthesis [ 4-6). 
Especially, numerous works have bee n reported regarding the 
block of ergosterol biosynthesis through inhibition of C,4-de-
melhylation leading to accumulation of methylated intermedi-
ates such as lanosterol [4- 9). Van den B ossche et al [4) have 
postulated that methylated ste rols such as lanosterol, 24-meth-
ylenedihydrola nosterol , obtusifo liol, 14-methylfecosterol, and 
4,14-dimethylzymosterol may not be integrated as efficiently 
into biomembranes as the planar demethylated sterols (e.g., 
chol esterol a nd ergosterol), and also that such sterol modifica-
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FIG 1. Gas- liquid chromatograms of sterol components of T. m.en-
tagrophytes incubated wi th and without the antifungals for 120 min. A, 
Control; B, naphthiomate (100 ng/ml) ; C, miconazole (10 ng/ml). 
Peaks: 1, squalene; 2, ergosterol; 3, 4,14 -dimethylzymosterol; 4, obtu-
sifoliol; 5, lanosterol; 6, 14-methylfecosterol; 7, 24-methylenedihydro-
lanosterol. 
tion causes the deterioration of permeability of plasma mem-
branes. Recently, some synthetic allylamine compounds have 
been reported to cause the inhibition of squalene epoxidation 
in fungi [10]. Naphthiomate, an allylamine-related compound 
is s imilar to these drugs in the antimycotic spectrum-highly 
effective against dermatophytes but less effective against Can-
dida albicans [11) . In the present study, we have investigated 
the site of action of naphthiomate and compared it with that 
of N -substituted imidazole, miconazole in C. albicans and Tri-
chophyton mentagrophy tes. 
MATERIALS AND METHODS 
Growth Experiment 
C. albica n.s, strain 3125 a nd T . mentagrophytes, strai n 14 were kindly 
supplied by Dr. S. Watanabe, Shiga University of Medical Science and 
Dr. K. Iwata, Meiji College of Pharmacy, J apan, respectively. The stock 
cul tures were mainta ined on Sabouraud's-glucose (2%) agar slant by 
t ransfer every 2 weeks at 25"C. For growth of C. albicans, the stock 
culture was diluted with Sabouraud's broth medium to 5.0- 6.0 x 104 
ce lls per mi. Five millilite rs of th is cell suspension were inoculated into 
200 ml of Sabouraud's broth medium in a 500-ml Erlenmeyer !1ask, 
and then incubated at 37"C with gentle shaking in an enclosed hori-
zontal shaker to mid-logarithmic growth phase. For growth of T . 
men.tagrophytes, 2 x 10" spores were inoculated into 200 ml of Sabour-
aud's broth medium in the same flask, and then incubated at 30"C with 
gentle shaking in the same shaker to logarithmic growth phase. Drugs 
were dissolved in dimethyl formam ide and added to the culture. Controls 
were similarly set up with equivalent quantities of solvent (final con-
centration: 0.2%) . Naphthiomate (100 ng/ ml) or miconazole (10 ng/ 
ml ) was added to 50 ml of each culture. These concentrations are one-
fifth of minimum inhibi tory concentration (M IC) forT. m.en.tagrophytes 
and for C. albicans, respectively. After incubation at 37"C (C. albicans) 
or at 30"C (T. men.tagrophytes) for 30 min, 10 J.LCi of sodium 
I U-"C]acetate (sp act: 58 mCi/ mmol, New England Nuclear) was added 
and then lipid extraction was carried out after 2 h-labeling with 
chloroform:methanol (1:2, v/v) according to the method of Bligh and 
Dyer [1 2]. 
S terol Composition 
Extracted lipids were dissolved in 1 ml of chloroform: methanol (6:1 , 
v/v) and flooded with nitrogen gas, then stored at -20"C before use. 
For saponification, 2 ml of 20% KOH in 50% ethanol (v/v) were added 
to aliquots of total lipids (approximately 5 mg) and the mixture was 
heated at 80"C for 60 min. Unsaponi!iable compounds were extracted 
with two 2-ml portions of n-hexane. The extract was dried under 
nitrogen gas, to which was added 0.2 ml of trimethylsilyl agent (piri-
dine:hexamethyldisilazone:trimethylchlorosilane, 10:2: 1, v /v) and the 
mixture was heated at 60"C for 10 min. Trimethylsilyl esters were 
transferred into chloroform phase using two 4-ml portions of chloro-
form:H20 (1:1, v/v). The lower chloroform phase was dried under 
nitrogen gas and the residue was dissolved in a small volume of 
chloroform. In order to investigate the distribution of radioactivity in 
individllal sterols and their precursors, radioactive trimethylsilyl esters 
separated by gas- liquid chromatography (GLC) were trapped into glass 
tubes (5 mm X 15 em) with two open ends and eluted from the tubes 
with a scintillator (toluene:Triton X-100:water:2,2-p-phenylene-bis-(5-
phenyloxazole)2,5-diphenyloxazole (800 ml:200 ml:50 ml:0.24 g:3.3 g)) 
in to glass via ls for radioactivity assay [13]. The assay of radioactivity 
was performed with a Beckman LS-9000 scintillation spectrometer. 
Analysis of t rimethylsilyl esters was performed in a JEOL model J GC-
1100 gas chromatograph equipped with a name- ionization detecte r. A 
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g lass column (2 m) packed with 1.5% OV-1 (N ishio Kogyo Co., LTD, 
Japan) was used at 255"C, and the carrier gas was nitrogen with a flow 
rate of approx imately 20 ml/ min . Identification of each peak was 
per fo rmed by gas chromatography in combination with the mass spec-
trometry (J EOL-PX300) using a direct inlet system and on- line com-
puter. A glass column (3 m) wit h OV-1 as stationary phase was used at 
260"C. Carrie r gas helium had a flow rate of 40 ml/ min. 
RESULTS AND DISCUSSION 
Figs 1 a nd 2 show G LC profil es of sterols and t heir derivatives 
extracted fro m T. mentagrophytes and C. albicans cells t reated 
with and without a nt imycotic drugs, respectively. Ident ification 
of each peak was performed by gas ch romatography in combi-
nation with mass spectrometry according to the method of Van 
~ mentagrophytes 
CD 
Control 
Naphthiomate 
Miconozole 
F IG 1. Gas- liquid chromatograms of sterol components ofT men-
tagrophyte.~ incubated with and without the antifungals fo r 120 min. A, 
Control; B , naphthiomate (100 ng/ml ); C, miconazole (10 ng/m l). 
Peaks: 1, squalene; 2, ergosterol; 3, 4,14-dimet.hylzymosterol; 4, obtu-
sifo liol; 5, lanosterol; 6, 14-methylfecoste rol; 7, 24-methylenedihydro-
la n osterol. 
C. albicans ® 
Control 
Naphthiomate 
Miconazole 
FI G 2. Gas- liquid chromatograms of sterol components of C. albi-
cans incubated with and without antifungals fo r 120 min. A, Control; 
B, naphthiomate (100 ng/ml); C, miconazole (10 ng/ml). Peaks: see Fig 
1. 
den Bossche et a! [ 4]. Besides t he major peaks of ergosterol 
(peak 2), squalene (peak 1), and lanosterol (peak 5), 4,14-
dimethylzymosterol (peak 3), obtusifoliol (peak 4), 14-methyl-
fecosterol (peak 6), and 24-methylenedihydrolanosterol (peak 
7) were detected. 
In order to examine effects of naphthiomate on ergosterol 
biosyn thesis, the radioactivity incorporation into sterols and 
their precursors was determined by labeling cells with ["C)-
acetate fo r 2 h . As shown in T able I, napht hiomate was found 
to interfe re with ergosterol biosynthesis and induced a consid-
erable accumulation of squalene in both of T. mentagrophytes 
and C. albicans cells. In T. mentagrophytes, napht hiomate 
caused a great increase of [1'C]acetate incorporation into squal-
ene (83.5%) wit h a marked reduction of rad ioactivity in ergos-
terol and 4,14-dimethylzymosterol as compared to t he un -
t reated control. Similar but smaller effects were observed in C. 
albicans; 44.1% in squalene and 23.3% in ergosterol. Altered 
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TABLE I. Effects of naphthiomate and micronazole on ["C) acetate incorporation into steroL5 in Trichophyton mentagrophytes and Candida 
albicans 
Radioactivity incorporated(%)" 
Drugs 
Squalene Lanosterol 24- Methylene· 4,14-Dimethyl- Ergosterol Othersd dihydrolanosterol• zymosterol' 
Trichophyton mentagrophytes 
Control 2.8 1.8 9.1 30.7 38.1 17.5 
Naphthiomate 83.5 0.2 1.0 0.5 1.5 12.7 
(100 ng/ml) 
Miconazole Trace 9.6 74.8 0.9 3.5 12.7 
(10 ng/ml) 
Candida albicans 
Control 0.8 4.4 13.3 16.9 50.0 14.7 
Naphthiomate 44.1 1.2 2.7 9.6 23.3 19.1 
(100 ng/ml) 
Miconazole 5.9 50.5 15.8 7.5 6.9 13.2 
(10 ng/m l) 
"Given as average of percentage of total radioactivity from 2 different experiments. 
' Includes obtusi fol iol. 
"Includes unknown unsaponiliable matters. 
,~----:~ 
··cH, ObtUSifOl lol 
1 
14-Met hyl tecosterol + Naphthiomate t Miconazole ~ FIG 3. Ergosterol biosynthetic path-
ways and inhibition sites of antifungals 
in pathogenic fungi. (-->), Solid lines 
show the typical pathway of ergosterol 
biosynthesis under norm a l growth. 
(- -->),Broken lines show the alternate 
pathway when exposed to miconazole 
[4] . 
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radioactivity distribution appeared to be reflected in the pro-
portional mass content of individual components (Figs 11 2). A 
great increase of the squalene content was prominent in 
naphthiomate-treated cells of both fungi. These results indicate 
evidence that inhibition of ergosterol biosynthesis by naphthio-
mate may be due to interference with squalene epoxidase activ-
ity, by either a direct interaction with the enzyme or with its 
soluble activator [14] . 
On the other h and, miconazole showed a profound inhibition 
of ergosterol biosynthesis in both fungi . However, this drug 
caused a great accumulation of lanosterol (50 .5%) in C. albicans, 
while in T. mentagrophytes there was a drastic increase of 
radioactivity in 24-methylenedihydrolanosterol (74.8%) instead 
of lanosterol. As demonstrated in Figs 1 and 2, the net contents 
of these two intermediates also were increased even by the 
s hort-te rm treatment. 
It is to be noted that ergosterol biosynthesis in fungi cannot 
be discussed in terms of a single pathway. Instead it appears 
that most fungi produce ergosterol by several alternative routes 
[15]. Fig 3 displays the typical but simplified pathways of 
ergosterol biosynthesis in fungi under normal growth condi-
tions and when exposed to antifungal agents. It is conceivable 
that in miconazole-treated cells the introduction of the 24-
methylene group would occur prior to Cwdemethylation in the 
conversion process from lanosterol to ergosterol. 
The experimental evidences presented here indicate that 
naphthiomate, like allylamines, inhibits squalene epoxidase 
activity and miconazole inte rferes with Cwdemethylation, both 
leading to the decreased content of ergosterol in fungal plasma 
membrane. In contrast to miconazole which inhibits ergosterol 
formation at the step of sterol interconversion (e.g., Cwde-
methylation), naphthiomate blocks the utilization of squalene 
by blockage of squalene epoxidation, as has previously been 
shown for allylamines by Petranyi eta! [10]. 
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